The validation of human biological models for inhaled radionuclides is nearly impossible. Requirements for validation are: (1) the measurement of the relevant human tissue data and (2) valid exposure measurements over the interval known to apply to tissue uptake. Two lung models, ICRP 30 (1) and ICRP 66 (2) , are widely used to estimate lung doses following acute occupational or environmental exposure. Both ICRP 30 and 66 lung models are structured to estimate acute rather than chronic exposure. Two sets of human tissue measurements are available: 210 Po accumulated in tissue from inhaled cigarettes and ingested in diet and airborne global fallout 239, 240 Pu accumulated in the lungs from inhalation. The human tissue measurements include pulmonary and bronchial tissue in smokers, ex-smokers and non-smokers analysed radiochemically for 210 Po, and pulmonary, bronchial and lymph nodes analysed for 239, 240 Pu in lung tissue collected by the New York City Medical Examiner from 1972 to 1974. Both ICRP 30 and 66 models were included in a programme to accommodate chronic uptake. Neither lung model accurately described the estimated tissue concentrations but was within a factor of 2 from measurements. ICRP 66 was the exception and consistently overestimated the bronchial concentrations probably because of its assumption of an overly long 23-d clearance half-time in the bronchi and bronchioles.
MATERIALS AND METHODS

Po Measurements
Measured concentrations of 210 Po in cigarette tobacco from 21 countries were summarised by Schayer et al. (3) . Figure 1 shows the measured cigarette concentration. The average US reported value is 18 mBq per cigarette. Shayer et al.
(3) measured 8 % and Cohen et al. (4) 12 % as the fraction of 210 Po transferred to mainstream cigatette smoke and available for lung deposition. Table 1 shows the estimated  daily inhalation of 210 Po, assuming 20 cigarettes per day and 10 % transferred to mainstream smoke.
Cohen et al. (5) measured 210 Po radiochemically in human pulmonary and bronchial tissue in both smokers, ex-smokers and non-smokers. Whole lungs were obtained as soon after autopsy as possible and always within 24 h. The samples were refrigerated immediately after autopsy until the dissection was completed. The tracheobronchial tree was separated from the lung tissue to below the subsegmental bronchi. The entire right lung was analysed radiochemically for 210 Po in all cases. Specimens were weighed, digested by wet ashing in nitric acid with small additions of sulphuric acid and then processed for chemical separation of polonium. 208 Po was added to the initial sample so that chemical yield could be determined for each sample. The chemical procedure was a modification of the radiochemical determination given in the HASL Procedures Manual (6) . The measured concentration of 210 Po in lung tissue due to smoking was estimated by subtracting the bronchial and pulmonary concentrations in nonsmokers from those in smokers to account for the additional source of 210 Po from the diet.
239,240 Pu Measurements
Twenty years of monthly measurements of 239,240 Pu in New York City (NYC) outdoor surface air are reported by the USDOE Environmental Measurements Laboratory (7) and shown in Figure 2 . Indoor air is assumed to have the same 239,240 Pu concentrations as outdoor air. The measured 239,240 Pu in New York City dietary intake during 1972-1974 was 50 mBq per year (8) . The dietary uptake factor for plutonium is estimated as 10 24 ICRP (1) . Therefore, ingestion is not a contributing factor for measured tissue concentrations in the lungs. The concentration of mBq 239, 240 Pu inhaled per day estimated from NYC outdoor surface air concentrations is shown in Table 2 .
Fisenne et al. (9) measured tissue concentrations from inhaled fallout 239, 240 Pu, in the lungs, liver, kidney, vertebrae and lymph nodes obtained from NYC residents autopsied during 1972-74. From all 57 cases, 52 lung, 50 liver, 45 kidney, 45 vertebrae and 23 lymph node samples were analysed.
Fisenne et al. (9) reported that each set of human tissues consisted of the entire right lung; paratracheal, peribronchial and hilar lymph nodes; 500 g of liver; one kidney and half the bodies of three thoracic vertebrae. A pathologist screened each case for cause of death and ascertained that the majority of Published by Oxford University Press 2012.
Radiation Protection Dosimetry (2012), Vol. 152, No. 1-3, pp. 14 -17 doi:10.1093/rpd/ncs214 Advance Access publication 23 August 2012 subjects were victims of sudden death, free of systemic and debilitating disease. The subjects ranged in age from 15 to 82 y, with .85 % older than 20 y of age. Most specimens were weighed at autopsy following a short period to allow drainage of excess fluids. The weights obtained for whole organs, lungs, livers and kidneys were compared with the age-and sex-adjusted values for fresh weights of these organs published in ICRP reference man (10) . The study group values were found to be in good agreement with those published.
Particle size distributions
ICRP 30 assumes a median particle diameter of 1.0 mm for inhaled substances. Model differences for specific nuclides rely on different clearance rates from the compartments. ICRP 66 assumes constant clearance rates from all compartments and that different particle diameters control deposition and model outcome.
Bernstein (11) summarised the particle diameter mass median diameters (MMDs) of inhaled cigarette smoke from 10 studies and found an average MMD of 0.46 mm. The ICRP 66 chronic model calculations for 210 Po assume a median particle diameter of 0.46 mm.
Airborne global fallout 239,240 Pu inhaled during 1972-74 has a stratospheric origin. Initially, large particles fall rapidly from the troposphere but submicron particles injected into the stratosphere remain in the stratosphere for many years. Particle size measurements during 1962 and 1963 over an altitude range of 9000-30 000 m showed that most of the radioactivity was contained in median diameters of 0.04 -0.30 mm. A few measurements at 30 000 m showed median diameters of 0.008 and 0.13 mm (Klement) (12) . Lockhart et al. (13) proposed that stratospheric debris becomes associated with relatively large ambient particles descending through the troposphere and produce particles between 0.3 and 1.0 mm in diameter in surface air.
RESULTS
The ICRP 30 and ICRP 66 models were incorporated in a programme to integrate acute daily exposures for 
. The measured concentrations in the tree and pulmonary region are shown in Table 3 for  210 Po and   239,240 Pu. The chronic models for 210 Po show that calculated/measured ratios for bronchial tree and pulmonary lung are 0.75, 1.2 and 3.6, 1.6 for ICRP 30 and ICRP 66, respectively.
The chronic model for 239, 240 Pu shows that calculated/measured ratios for pulmonary lung are 0.95 and 1.3 for ICRP 30 and ICRP 66, respectively. The ratio for the bronchial tree is not possible because 239,240 Pu could not be detected in the tissue samples. However, the ICRP 66 calculation for the tree was large, i.e. 10 % of the pulmonary value. Lymph nodes were measured for 239, 240 Pu in NYC tissue and the calculated/measured ratios were 1.0 and 0.2 for ICRP 30 and ICRP 66, respectively.
DISCUSSION
Albert and Lippmann (14) and Albert et al. (15) in studies with inhaled 99m Tc tagged ferric oxide particles showed that clearance in normal subjects consisted of two discrete phases of bronchial clearance. The first was completed within 1-2 h and the second within 4-10 h. They concluded that the rate of discharge of particles from the trachea by mucociliary clearance is influenced by both the rate of mucus transport and the distance travelled by the particles on the mucus, which is determined by the particle size deposition pattern. However, the 90 % clearance time was the same for both smokers and nonsmokers (15) . There were several types of clearance abnormalities observed in subjects who smoked cigarettes or who had demonstrable lung disease. These included:
(1) an extended delay in the onset of clearance or between clearance phases, (2) a spasmodic type of clearance with intermittent tracheal blockage and (3) an extended period of clearance arrest with retrograde movement of particles from the hilar region to more distal lower lung regions.
Sanchis et al. (16) measured an overall clearance of inhaled particles from the lung as faster in smokers. Sanchis et al. state, (16) 'However, the clearance rate in the large proximal airways was lower than in normals (T 1/2 2.3 h in smokers; T 1/2 42 min in normals), while that more peripherally was higher. This probably explains the relative accumulation of activity in many of the smokers at 1 1/2 to 2 h, a 'log-jam' effect. The more rapid overall clearance in smokers is readily explained by abnormal deposition invariably seen, there being much less aerosol deposited presumably in non-ciliated pulmonary regions emphasising the importance of deposition pattern in determining clearance rates'. Johnson et al. Model bronchial clearance rates are not in complete agreement with measured rates. However, parameters for most biokinetic models are usually selected in accordance with a wide range of published values.
SUMMARY AND CONCLUSIONS
ICRP biokinetic models are used widely to estimate doses for various occupational or environmental 
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exposures. Their lung models apply mainly to acute exposures acquired over a relatively short-term. Two nuclides, 210 Po and 239, 240 Pu, have been measured in human pulmonry and bronchial tissue and represent chronic exposure. Measurements of these two nuclides were used to attempt validation of the ICRP 30 and 66 lung models. Both ICRP models were used in a programme to iterately calcuate steady-state organ burdens from continuous daily inhalation.
Although ICRP 30 overall fared better than ICRP 66, agreement of calculations was within a factor of 2 from measured values. The exception was the ICRP 66 model that calculated bronchial concentrations higher than measured specifically for the nuclides 210 Po and 239,240 Pu.
